Serious bacterial infection (SBI) is a major cause of morbidity and mortality in children. Distinguishing SBI from self-limiting viral infections is a very important task in the emergency department (ED), especially in the children with fever without source (FWS). The aim of this study was to analyze whether parents' statements about clinical manifestations, which were categorized according to grades, are related to the actual diagnosis of SBI in children with FWS.
Introduction
The most common reason why children visit the emergency room is fever [1, 2] Most fevers in children are caused by viral infections, but about 5% to 20% of febrile children may have a serious bacterial infection (SBI) such as pneumonia, urinary tract infection (UTI), bacterial meningitis, or bacteremia. Because SBIs in children have a relatively high mortality rate, rapid diagnosis and treatment are essential for better outcomes. [3] However, even after clinical assessment including physician's history taking and careful physical examination, the exact cause of fever is uncertain especially in children with fever without source (FWS). Considering the difficulty of pediatric laboratory tests in emergency room settings, it is important to find other evidence suggesting SBI in children with FWS. [4, 5] Studies on predictors of SBI have been actively conducted. In particular, the results of laboratory tests such as white blood cell count (WBC), absolute neutrophil count (ANC), C-reactive protein (CRP), and procalcitonin have been widely regarded as helpful. [3, [6] [7] [8] However, it is practically impossible to perform laboratory tests for all children with fever. Therefore, there have been continuous attempts to evaluate the relationship between clinical manifestations and SBI. Recently, the UK National Institute for Health and Clinical Excellence (NICE) published a guideline for the initial assessment of febrile children, but actual clinical application is limited due to insufficient accuracy. [9, 10] In most previous studies, physicians' and/or nurses' findings were evaluated rather than parents' statements for predicting SBI in febrile children.
The aim of this study was to analyze whether parents' statements about clinical manifestations, which were categorized according to grades, are related to the actual diagnosis of SBI in children with FWS. We hypothesized that the greater the severity of symptoms in children with FWS, the greater the likelihood of diagnosis of SBIs.
Methods

Study setting and design
This retrospective analysis was conducted using prospectively acquired cohort data for all febrile children ("fever registry") in the pediatric emergency department (ED) of Seoul National University Hospital from August 2016 to August 2017 (13 months).
Data source
The fever registry was a consecutive collection of data on all children under 5 years of age who visited the pediatric ED within 24 hours of fever (body temperature of 38 or above). Initially, resident physicians were required to fill out the template with age, gender, recent antibiotic usage, severity of clinical manifestations, degree and duration of fever, vaccination history, mental status, and whether the patients were determined to have FWS. In particular, clinical manifestations including activity, urination, and feeding were categorized into 3 or 4 grades.
In the case of feeding, we asked parents to express in percentage how much the child's diet had decreased. In the case of activity and urination, we asked the parents to choose the grade of severity by subjective assessment. Because parents may have difficulty in recognizing changes in urination of their child, we classified the grade about urination more simply. All the grade of severity were presented to the parents in easy term Next, research assistants reviewed the medical records and registered additional data including initial vital signs, clinical diagnosis, disposition, and the results of blood, urine, and cerebrospinal fluid tests if conducted. The institutional review board (IRB) at the Seoul National University Hospital approved the study protocol for children (IRB No. 1809-111-974).
Study population
All children classified as having FWS were enrolled. FWS was defined as a case in which the child has no localizing source of fever after clinical assessment including physicians' history taking and physical examination. We excluded cases who were suspected to be at high-risk for SBI due to underlying medical conditions such as malignancy or other immunocompromised conditions, vesicoureteral reflux, or congenital disease. Those with a history of antibiotic use within the 3 days before the ED visit were also excluded.
Study outcome
The association of clinical manifestations and SBI was the main outcome of this study. The SBIs included diagnoses such as bacteremia, bacterial meningitis, UTI, and pneumonia. Bacteremia was defined as growth of a single pathogenic microorganism on blood culture. Bacterial meningitis was defined as positive cerebrospinal fluid culture. UTI was defined as growth of a single urinary tract pathogen at 10 4-5 CFU/mL on a catheterized urine specimen. Pneumonia was defined as the presence of consolidation on chest radiography as interpreted by radiologists. The secondary outcome measure was predictive performance of the graded clinical manifestations to predict SBI in children with FWS.
Statistical analysis
Study subjects were divided into 2 groups based on whether the diagnosis was SBI. Categorical variables were reported as percentages and were compared with the x 2 test or Fisher exact test as appropriate. Continuous variables that were not distributed normally are presented as medians with interquartile ranges (IQRs). The linear-by-linear association test was used to examine linear associations between the severity (grades) of clinical manifestations and SBI. Receiver operating characteristic (ROC) curves for clinical manifestations were constructed for patients with SBI. Area under the curve (AUC) statistics and 95% confidence intervals (CIs) were obtained to evaluate the predictive performance of clinical manifestations. All statistical analyses were performed using SPSS version 20.0.
Results
From August 2016 to August 2017, there were 6026 visits by febrile children under 5 years of age who were enrolled in the fever registry. A flow chart of the patient disposition is shown in Figure 1 . Six hundred sixteen patients met the FWS definition (10.2%), and 29 patients were excluded because of an uncompleted template. Therefore, 587 febrile children (9.7%) were included in the study. The initial cohort included 34 patients diagnosed with SBIs. We excluded 5 patients with potentially confounding comorbidity, 4 patients with antibiotics therapy in the 48 hours before diagnosis. Finally, SBIs were found in 25 (4.30%) of the 587 febrile children with FWS. These included pneumonia in 6 (1.02%), UTIs in 17 (2.90%), bacteremia in 2 (0.34%), and meningitis in 0 (0.00%).
Demographics are shown in Table 1 . The median patient age was 0.42 years (IQR 0.25-0.96) in SBIs and 1.50 years (IQR 0.92-2.94) in non-SBIs. The SBI group was significantly younger than the non-SBI group (P .001). A comparison of the 2 groups is shown in Table 2 . There was no linear association between SBI and non-SBI when compared by severity of the clinical manifestations, such as duration of fever (P = .299), activity (P = .781), feeding (P = .161), and urination (P = .834). The ROC curves of clinical manifestations are shown in Figure 2 . The AUC was 0.54 (95% CI 0.41-0.67) for duration of fever, 0.52 for activity (95% CI 0.40-0.64), 0.42 for feeding (95% CI 0.32-0.53), and 0.51 for urination (95% CI 0.39-0.62) ( Table 3 ). There was no evidence that the test performance of the clinical manifestations is valid for predicting SBIs.
Discussion
In this retrospective cohort study, we found that the severity of clinical manifestations failed to have a linear association with SBIs in febrile children with FWS. Although the severity of each clinical manifestation was increased, there was no correlation with the increase in the detection rate of SBI. According to our study, clinical manifestations that are widely considered to be indicators of SBI seem to be unreliable screening tools.
The introduction of Haemophilus influenzae type B and pneumococcal vaccines has dramatically reduced the incidence of SBI, but the importance of rapid diagnosis and early antibiotics remains unchanged. [11] With the development of laboratory tests, studies of acute phase reactants such as WBC, CRP, ANC, and procalcitonin are actively being carried out. [12, 13] Recent studies reported that CRP and procalcitonin were both strong predictors of SBI. [8, 12] However, clinical manifestations are a basic and easyto-assess tool in medical practice. Many clinical tools are still widely used in the evaluation of febrile children, such as the NICE traffic system and the Yale observation scale score (YOS). [14] Several recent studies looked into the efficacy of these clinical tools for predicting SBI. Except for studies in developing countries, the results are disappointing. In a large prospective cohort study, neither the YOS nor unstructured clinician suspicion reliably identified those with SBI. [15] The NICE traffic system has low specificity for detecting SBI. [10] Additionally, there was no significant relationship between a single clinical symptom and SBI. Erell et al, [16] in a prospective case-control study, reported that shivering, presumed to be more common in children with SBI, was not associated with increased risk of SBI.
In previous studies, physicians assessed clinical symptoms and performed the physical examination to predict SBI. This study differs from other studies in that the parents directly assessed the severity of clinical manifestations. It was assumed that evaluation by parents, who had been caring for their child all day during the course of the child's illness, would be more accurate. Contrary to expectations, the results were not significantly different. Parents tend to over-report because of the involvement of subjective emotions rather than a medical approach. Based on our findings, parents' reports of clinical symptoms are not suitable for use as predictors of SBI.
In our results, UTI was the most common SBI, similar to other reports.
Bacteremia was not independently detected except in 2 cases with UTI. There were no cases of meningitis. When UTI accounts for the majority of SBIs because of vaccination, it is more reasonable to perform urine tests if there is no clear cause of fever on the first examination.
Limitations
This study has several limitations. First, the data were collected from a single large ED. Therefore our results might suffer from selection bias, and generalizability to other EDs is questionable. However, because our ED also serves as a primary care center in the local area, this data collection from various patient groups within the possible range can be helpful to evaluate the SBI issue.
Second, we used well-known clinical symptoms as SBI predictors to analyze trends according to severity. When analyzed by univariate logistic regression analysis using our registry data, there was no significant association between the presence of each symptom and SBI. Furthermore, there were no different results when 2 or more symptoms were present at the same time. The data was not enough and the proper sample size was not calculated, so it seemed that we could not get meaningful results.
Third, the SBI group was significantly younger. This may also reflect selection bias because it is known that the risk of SBI increases with younger age. If enough data can be gathered, it will be necessary to analyze them according to age group.
Another limitation of the study is that the number of cases confirmed SBI was small, and there were no cases of meningitis. Because only febrile children without an apparent infection source were included in the study, the number of children who met the criteria was relatively small. However, the percentage of children with FWS among febrile children was consistent with previously published data, which supports the validity of the fever registry. Table 3 Area under the curves of the receiver operating characteristic for clinical manifestations predicting serious bacterial infection. Finally, parental education could not be analyzed in this study because whether the parents educated in related medical sciences were not included in the "fever registry." The extent of the parent's medical knowledge could influence the assessment of clinical manifestations.
AUC (95% CI)
Conclusion
There was no evidence that the test performance of the clinical manifestations is valid for predicting SBI, even considering the severity of manifestations. For optimal evaluation of the children with FWS, more comprehensive approach including laboratory tests, are needed.
